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Thanks to its unique capabilities the ALICE experiment can measure 
the production of identified particles and resonances over a wide momentum 
range both in pp and Pb-Pb collisions at the LHC. In this report, particle- 
identification detectors and techniques, as well as achieved performance, 
are shortly reviewed. The current results on hadron transverse momentum 
spectra measured in pp collisions at y/s = 0.9 TeV and 7 TeV, and in Pb- 
Pb collisions at ^/snn = 2.76 TeV are shown. In particular, proton-proton 
results on particle production yields, spectral shapes and particle ratios are 
presented as a function of the collision energy and compared to previous 
experiments and commonly-used Monte Carlo models. Particle spectra, 
yields and ratios in Pb-Pb are measured as a function of the collision 
centrality and the results are compared with published RHIC data in Au- 
Au collisions at ^/snn = 0.2 TeV and predictions for the LHC. 

PACS numbers: 25.75.Ag, 25.75.Dw 

1. Introduction 

ALICE (A Large Ion Collider Experiment) is a general-purpose heavy- 
ion experiment at the CERN LHC (Large Hadron Collider) aimed at study- 
ing the physics of strongly-interacting matter and the quark-gluon plasma. 
A unique design has been adopted for the ALICE detector to fulfill track- 
ing and particle- identification requirements pp. Thanks to these features 
the experiment is able to identify hadrons in a wide momentum range by 
combining different detecting systems and techniques, as discussed in Sec- 
tion [2j Results on hadron spectra and yields at mid-rapidity are presented 
in Section [3] for pp collisions at y/s = 0.9 TeV and 7 TeV and in Section [J] 
for Pb-Pb collisions at - v /Inn = 2.76 TeV. 



* Presented at Strangeness in Quark Matter, 18-24 September 2011, Crakow, Poland 
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2. Particle identification 

In this section the particle-identification (PID) detectors relevant for 
the analyses presented in this paper are briefly discussed, namely the In- 
ner Tracking System (ITS), the Time-Projection Chamber (TPC) and the 
Time- Of -Flight detector (TOF). A detailed review of the ALICE experi- 
ment and of its PID capabilities can be found in [lj. The ITS is a six-layer 
silicon detector located at radii between 4 and 43 cm. Four of the six lay- 
ers provide dE/dx measurements and are used for particle identification in 
the non-relativistic (1//3 2 ) region. Moreover, using the ITS as a standalone 
tracker enables one to reconstruct and identify low-momentum particles 
(below 200 MeV/c) not reaching the main tracking systems. The TPC 
is the main central-barrel tracking detector of ALICE and provides three- 
dimensional hit information and specific energy-loss measurements with up 
to 159 samples. With the measured particle momentum and {dE/dx) the 
particle type can be determined by comparing the measurements against 
the Bethe-Bloch expectation. The TOF detector is a large-area array of 
Multigap Resistive Plate Chambers (MRPC) and covers the central pseudo- 
rapidity region (|ry| < 0.9, full azimuth). Particle identification is performed 
by matching momentum and trajectory- length measurements performed by 
the tracking system with the time-of-flight information provided by the TOF 
system. The total time-of-flight resolution is about 85 ps in Pb-Pb collisions 
(about 120 ps in pp collisions) and it is determined by the time resolution 
of the detector itself and by the start-time resolution. 

The transverse momentum spectra of primary -k^ , , p and p are mea- 
sured at mid-rapidity (\y\ < 0.5) combining the techniques and detectors 
described above. Primary particles are defined as prompt particles produced 
in the collision and all decay products, except products from weak decay of 
strange particles. The contribution from the feed-down of weakly-decaying 
particles to ir^, p and p and from protons from material are subtracted by 
fitting the data using Monte Carlo templates of the OCA!]] distributions. 
Particles can also be identified in ALICE via their characteristics decay 
topology or invariant mass fits. This, combined with the direct identifi- 
cation of the decay daughters, allows one to reconstruct weakly-decaying 
particles and hadronic resonances with an improved signal-to-background 
ratio. 

3. Results in pp collisions 

The transverse momentum spectra of primary tt^, K 1 * 1 , p and p have 
been measured in minimum-bias pp collisions at yfs = 0.9 TeV and 7 TeV. 

1 Distance of Closest Approach to the reconstructed primary vertex. 
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Fig. 1. K/-7T (top) and p/7r (bottom) production ratios as a function of pt measured 
in pp collisions at yfs = 0.9 TeV and 7 TeV compared to various Monte Carlo models 
at y/s = 7 TeV. 



The measurements performed at y/s = 0.9 TeV and the details of the anal- 
ysis are already published in [2]. The results of the analysis performed 
at = 7 TeV were reported at this conference [3]. The ratios K/tt and 
p/-7r as a function of pt are shown in Figure [TJ comparing measurements at 
y/s = 0.9 TeV and 7 TeV. Both ratios do not show evident energy depen- 
dence and the same holds for the pr-hitegrated production ratios which are 
also observed to be rather independent of the collision energy from 0.9 TeV 
to 7 TeV. Moreover, no difference between p/ir + and p/vr~ ratios is observed 
leading to a constant value of about 0.05 and vanishing baryon/antibaryon 
asymmetry at LHC as already reported in The comparison with Monte 
Carlo generators shows that the pr-dependent K/tt ratio is underestimated 
at high pt by recent PYTHIA tunes. The same holds for the p/n ratio, 
though a better agreement with the data is observed for PYTHIA D6T. 

Measurements of the production of multi-strange baryons H — > A + tt — > 
p + 7T + 7T and Q, — > A + K — > p + 7r + K and of hadronic resonances 
K* — > K + 7r and eft — > K + + K~ in pp collisions were also reported at 
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Fig. 2. Transverse momentum spectra of K (left) and (f> (right) in pp collisions at 
y/s = 7 TeV compared to various Monte Carlo models. 



this conference (see [5] and [6], respectively). When compared to Monte 
Carlo event generators, multi-strange baryon production is under-predicted 
by various PYTHIA tunes, though the most recent Perugia-2011 tune shows 
an overall better agreement with the data, in particular in the high px re- 
gion. <f> resonance production is rather well described by PHOJET whereas 
in PYTHIA Perugia-2011 it is slightly under-predicted at low pr- It is 
worth to stress here that an overall good agreement between the data and 
PYTHIA Perugia-2011 tune is observed for charged- kaons but not for res- 
onance production, as can be deduced from Figure [2j On the other hand 
there is still some work for tuning model for resonances (especially baryons) 
and multi-strange baryon production. 



4. Results in Pb Pb collisions 

Hadron pt spectra have been measured in several centrality classes 
(see [7] for details on centrality selection) from 100 MeV/c up to 3 GeV/c 
for pions, from 200 MeV/c up to 2 GeV/c for kaons and from 300 MeV/c up 
to 3 GeV/c for protons and antiprotons. Individual fits to the data are per- 
formed using a blast-wave parameterization [5] to extrapolate the spectra 
outside the measured px range. The measured spectra and corresponding 
fits are shown in Figure for primary 7r~ (top), K~ (middle) and p (bot- 
tom). Average transverse momenta {pr) and integrated production yields 
dN/dy are obtained using the measured data points and the extrapolation. 

As reported in [3], the spectra are observed to be harder than at RHIC 
for similar dN c ^/dr]. A detailed study of the spectral shapes has been done in 
order to give a quantitative estimate of the thermal freeze-out temperature 
Tf Q and the average transverse flow (/3). A combined blast- wave fit of the 
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Fig. 3. Transverse momentum spectra of primary 7r~ (top), K~ (middle), p (bot- 
tom) and corresponding fits in Pb-Pb collisions at ,/snn = 2.76 TeV. 
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Fig. 4. Thermal freeze-out parameters Tf a and from combined blast-wave fits 
compared to RHIC data (top). ir~ , K~, p spectra in 0-5% central Pb-Pb collisions 
compared to hydrodynamic model predictions [HI [15] (bottom). 



spectra has been performed in the pr ranges 0.3-1.0 GeV/c, 0.2-1.5 GeV/c 
and 0.3-3.0 GeV/c for pions, kaons and protons, respectively. While the 
Tf Q parameter is sensitive to the pion fit range because of feed-down of res- 
onance^] the transverse flow ((3) measurement is not, being dominated by 
the proton spectral shape. The results obtained on the thermal freeze-out 
properties in different centrality bins are compared with similar measure- 
ments performed by the STAR Collaboration at lower energies in Figure 2] 
(top). A stronger radial flow is observed with respect to RHIC, being about 
10% larger in the most central collisions at the LHC. The data are also 
compared to predictions from hydrodynamic models. As already reported 
in [11] the pure hydrodynamic prediction [12] cannot reproduce the proton 
shape. A similar disagreement was observed when comparing proton elliptic 



2 This effect will be investigated in details in the future. 
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Fig. 5. Antiparticle/particle production ratios in the 0-5% most central Pb-Pb 
collisions [5] (left). Hadron-production ratios compared to thermal model predic- 
tions [TO] (right). 



flow V2 to the same model [13]. A new calculation has been performed us- 
ing a hybrid model which adds a hadronic rescattering and freeze-out stage 
to the viscous dynamics [2]. These new predictions |15] are compared to 
the data in Figure 0] (bottom) and the agreement with the proton shape 
is better than in a pure hydrodynamic picture. This suggests that extra 
flow builds up in the hadronic phase. The difference in the proton yield 
can be ascribed to the fact that the model derives yields from a thermal 
model with T c h = 165 MeV. It is worth to mention that this model also 
reproduces the shape of elliptic flow of identified particles as reported at 
this conference |16| . 

Antiparticle/particle integrated production ratios are observed to be 
consistent with unity for all particle species in all centralities suggesting 
that the baryo-chemical potential [ib is close to zero as expected at LHC 
energies. Figure [5] (left) compares ALICE results with RHIC data in Au-Au 
collisions at -v/snn = 0.2 TeV [9] for the 0-5% most central collisions. The 
pr-integrated K~ /ir~ and p/vr _ ratios and the production of multi-strange 
baryons in Pb-Pb collisions were also reported at this conference (see |17] 
and [18], respectively). The K~/ir~ production nicely follows the trend 
measured at RHIC. The p/ir~ production ratio (~ 0.05) is significantly 
lower that the value expected from statistical model predictions (~ 0.07- 
0.09) with a chemical freeze-out temperature of T c h = 160 — 170 MeV at 
the LHC [10J. The measured yields of several particles normalized to the 
pion yield in 0-5% central collisions are compared to thermal model predic- 
tions in Figure [5] (right). With a temperature of T c /j = 164 MeV predicted 
by Andronic et al. [10] the model reproduces both kaon and multi-strange 
baryon production but overestimates the protons. The same model can be 
tuned to reproduce proton yields with an ad-hoc = 148 MeV, though 
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multi-strange baryon production is underestimated in this case. 

5. Conclusions 

The tranverse momentum spectra of it^, K^, p and p have been mea- 
sured with ALICE in pp collisions at yfs = 0.9 TeV and 7 TeV and in 
Pb-Pb collisions at ^/snn = 2.76 TeV, demonstrating the excellent PID 
capabilities of the experiment. Proton-proton results show no evident y/s 
dependence in hadron production ratios. Monte Carlo generators do not 
reproduce hadron ratios and multi-strange baryon production yet, though 
a good agreement between the data and PYTHIA Perugia-2011 is observed 
for charged kaons. In Pb-Pb collisions the p/7r~ integrated ratio is signif- 
icantly lower than statistical model predictions with a chemical freeze-out 
temperature T c h = 160 — 170 MeV. The average transverse momenta and 
the spectral shapes indicate a ~10% stronger radial flow than at RHIC ener- 
gies. The comparison with recent hydrodynamic calculations suggests that 
extra flow builds up in the hadronic phase. 
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